SummAry malignant salivary gland tumours of the larynx are very rare, with limited reports of clinical outcomes. We present the decade-long experience of a single institution. A 10-year retrospective chart review of a tertiary head and neck cancer centre was performed. index patients were identified from a review of a pathology database, and reviewed by a head and neck pathologist. Patient demographics, presenting signs and symptoms, treatment modalities and clinical outcomes were extracted from electronic medical records. Six patients were included, with an age range of 44 to 69. All six had malignant laryngeal salivary gland tumours. Pathologies included: three adenoid cystic carcinoma (2 supraglottic, 1 subglottic), one mucoepidermoid carcinoma (supraglottic), one epithelial-myoepithelial carcinoma (supraglottic) and one adenocarcinoma (transglottic). All were treated with surgery (2 endolaryngeal, 4 open) and five of six with the addition of adjuvant therapy (4 radiotherapy, 1 concurrent chemoradiation). one patient had smoking history; no patients had significant alcohol history. With 4.5 years of median follow-up, none of the patients has had recurrence or local/distant metastasis. Salivary gland tumours of the larynx present in mid to late-age, and can be successfully managed with a multi-modality approach, resulting in excellent local and regional control rates. 
Introduction
malignant salivary gland tumours of the larynx are very rare neoplasms, which account for < 1% of all laryngeal malignancies 1 . The most common malignant minor salivary gland tumours are adenoid cystic (32-69%) and mucoepidermoid carcinomas (15-35%) 2 ; adenocarcinomas are less frequent, and epithelial-myoepithelial carcinomas are even more rare 3 . unlike squamous cell carcinoma, which is strongly associated with inhaled tobacco use, malignant salivary tumours in the larynx have no strong association with smoking and appear to occur equally in both sexes. These tumours arise from subepithelial mucous glands in the larynx, which are found most commonly in the subglottis and supraglottis 4 . in the true glottis, the possible areas of origin are floor of the ventricle and below the anterior commissure in the subglottis. Because these tumours do not arise on the free edge of the true vocal folds which are covered with thin squamous epithelium, there is often no voice change to detect these tumours at an early stage. They typically present in a subepithelial fashion, and can grow to a large size before they present with dysphonia or airway symptoms. The aim of this study is to present our experience over the last decade with these rare tumours to provide insight into the multimodality treatment that is typically required for long-term oncologic success.
Materials and methods
in an irB-approval protocol, the pathology archives of the Johns hopkins hospital and clinical records of patients with laryngeal cancer were reviewed to identify patients with malignant salivary gland laryngeal lesions between January 2004 and december 2013. Age, gender, presenting symptoms, location of the tumour, pathology, Tnm classifications, treatment modality (surgery and/ or chemo radiotherapy) and disease status was extracted from patient charts.
Results
Six patients (3m, 3F) were included, with an age at diagnosis range of 44 to 69 (mean: 56 years). Pathologic classifications are summarised in Table i and included: three adenoid cystic carcinomas, one mucoepidermoid carcinoma, one epithelial-myoepithelial carcinoma and one adenocarcinoma, not otherwise specified. The most common presenting symptom was dysphonia. half of patients presented with advanced stage disease, but all except the adenocarcinoma presented without regional or distant metastases. only one patient was a smoker (T4 subglottic adenoid cystic carcinoma). Treatment modalities and oncologic results are summarised in Table i . All patients were treated primarily with surgery, and negative surgical margins were obtained in all cases. The type of surgical approach varied with each case, but two were successfully managed with endolaryngeal surgery, while four required an open surgical approach. All but one patient underwent additional adjuvant therapy regardless of pathologic type or surgical margins (4 radiotherapy, 1 concurrent chemoradiation). After 4.5 years of median follow-up, none of the patients has had recurrence or local/distant metastasis. To highlight the unique presentation and management of these cases, three case studies with pathologic images are presented below.
Representative cases
Case two: A 44-year-old male professor presented with dysphonia lasting two years. he denied any difficulty swallowing; however, he had a significant amount of coughing while eating. on fiberoptic laryngoscopy a laryngeal mass on the epiglottis was identified with normal vocal fold mobility (Fig. 1) , and a staging CT scan demonstrated a large bulky supraglottic lesion on the laryngeal surface of the epiglottis from the tip to the petiole, extending into the preepiglottic space, with fat planes preserved along the hyoid bone. direct laryngoscopy and biopsy was performed. The lesion was consistent with adenoid cystic carcinoma with both tubular and cribriform histology (Fig. 2) . With these findings, he underwent an open supraglottic laryngectomy. The final pathology demonstrated adenoid cystic carcinoma with perineural invasion and no definitive venous/lymphatic invasion and extensive involvement of the paraglottic space, staging the tumour as T3. Surgery was followed by post-operative adjuvant radiation therapy. At latest follow-up, 1.5 years after surgery, he was free of disease. 
TL-Total laryngectomy; ND-Neck dissection; RT-Radiation therapy; CT-Chemotherapy; ANED-Alive with no evidence of disease
Case four: A 69-year-old man presented with hoarseness and a history of slow and progressive voice change in the last 2 months. he denied pain, bleeding, cough, dysphagia, or otalgia. he was a non-smoker but had persistent gastro-oesophageal reflux. A suspicious mass was noted in the posterior commissure of the larynx on flexible laryngoscopy, and biopsy revealed a mucoepidermoid carcinoma in the larynx. he was then referred to our centre for management. The lesion was centred in the posterior commissure, directly between the arytenoids, approximately 1 cm in maximum diameter. A preoperative mri of the neck revealed a fullness of the posterior commissure with no well-defined mass, and no pathological cervical lymphadenopathy. The lesion was therefore completely excised endoscopically, using sharp instrumentation and a tissue shaver. Final pathology demonstrated 'intermediate grade mucoepidermoid carcinoma' (Fig. 3) . All surgical margins were negative and post-operative radiation was used as adjuvant treatment. on last follow-up, 8 years after treatment, there was no evidence of disease. Case five: A 55-year-old woman complained of persistent cough of one year duration. She had presented one year prior for the same complaint and was noted at that time to have a small, benign appearing lesion of the epiglottis, which was diagnosed as presumptive epiglottic cyst.
A chest x-ray performed as part of her work-up revealed non-small cell lung carcinoma, for which she received chemotherapy with etoposide and cisplatin, radiation, and left lobectomy with mediastinal and hilar lymph node dissection. despite treatment for lung cancer, her cough and throat irritation persisted and she therefore represented to clinic. She was a life-long non-smoker. on flexible examination, the mass on the epiglottis was demonstrated again and was larger in size (Fig. 4) . Therefore, endoscopic biopsy and excision of the mass was performed with Co 2 laser. The lesion was centred on the laryngeal surface of the epiglottis and completely excised to normal-appearing margins. The pathology of the lesion returned as epithelial-myoepithelial carcinoma of the epiglottis (Fig. 5) , with tumour extending to multiple cauterised specimen edges. Therefore, two months later, she underwent a repeat suspension microlaryngoscopy and Co 2 laser excision of epiglottis with all final margins negative for tumour. She has been regularly followed up for 6 years, and has no evidence of disease.
Discussion
in the larynx, salivary glands have a distinct anatomic distribution 4 , and occur mainly in the subglottis and supraglottis. relative rates of salivary malignancies for these subsites differ by series 2 5 , but true vocal cord involvement is rarely reported. This is in contradistinction to squamous cell carcinoma, which most commonly originates in the squamous epithelium covering the true vocal folds, and explains the difference in presenting symptoms and stage 6 . most of our cases (67%) had supraglottic tumours and therefore the most common presenting symptom was hoarseness, dysphagia and cough. it is interesting to note that the supraglottic tumours in our series mimic the patterns of spread seen in traditional squamous cell carcinoma -invasion in the preepiglottic but not to the true vocal cord, allowing for laryngeal preservation surgery. This suggests that the barriers to tumour spread within the larynx, such as the quadrangular membrane and conus elasticus, are resistant to tumours of all histologies. As in most other series, we report a male to female ratio of 1:1 1 2 7 8 , with a minority of patients having a history of smoking 2 . The predominant pathologic diagnosis in the literature is adenoid cystic carcinoma, consistent with the 50% rate reported in our series 2 5 . in the early stages, salivary gland tumours may not present with any symptoms due to slow submucosal spread. Two of three adenoid cystic carcinoma cases were diagnosed as T3 and T4 tumours. one of these patients had perineural invasion. There are no standardised therapeutic decisions with prospective studies due to the rarity and different histopathological types. Tumour type, grade, location and symptoms should be taken into consideration while choosing treatment options. Postoperative radiotherapy is widely accepted as adjuvant modality, especially in cases with a high-grade tumour, unclear or positive margins, and perineural spread [8] [9] [10] [11] [12] . All three patients in our series with adenoid cystic carcinomas had adjuvant radiotherapy and none had recurrence. nodal disease was not present in any patient in our study, and a low rate of nodal disease is consistent with previously published reports 1 . one of our patients had supraglottic mucoepidermoid carcinoma. About 60% of patients with mucoepidermoid carcinomas of the larynx are localised in the supraglottic area 13 . in patients with high-grade mucoepidermoid carcinomas, neck dissections have been suggested regardless of clinical nodal status 13 ; others conclude that neck dissections are not indicated in salivary gland tumours of the larynx unless nodal metastasis is clinically apparent 1 2 7 8 . radiotherapy is also recommended in high-grade cases because of the high incidence of local recurrence 14 . our patient underwent endoscopic excision, and given the patient's intermediate grade pathology he also underwent adjuvant radiation therapy. The most common site of epithelial-myoepithelial carcinoma (emC) is the parotid gland or submandibular gland. emC of the larynx is very rare. only four cases have been previously reported in the literature to date 3 15-17 ; one of them being the present case 15 . information about demographics, treatment and prognosis of emC in the larynx is scarce because of its rarity and there is no consensus for management. in our case, long-term disease control was achieved with surgical excision, but as highlighted in the case presentation, submucosal spread and an unusual pathology has the potential to create diagnostic uncertainty and inadequate initial resection if the surgeon is anticipating a benign pathology. Therefore, our case required reresection to achieve negative margins after final pathology from the surgical specimen revealed emC and positive margins. Finally, one patient in the current series presented with advanced adenocarcinoma, not otherwise specified (noS) with significant local and nodal disease. only 0.35% to 0.5% of all laryngeal malignancies are adenocarcinomas noS, and are mostly seen in males 18 , as in our case. Adenocarcinomas noS of the larynx tend to metastasise to both regional and distant site [19] [20] [21] and therefore require aggressive surgical management and adjuvant therapy. our patient did not have any recurrence or metastasis after total laryngectomy and adjuvant chemoradiotherapy after a follow-up of 11.5 years. Careful long-term follow-up for laryngeal salivary tumours is critical. distant metastases to the lung is a hallmark of adenoid cystic carcinoma and long-term follow up is mandatory, since recurrences may occur after more than 10 years after primary treatment 2 8 12 22 . nevertheless, adjuvant therapy may have a role in achieving long-term disease control, as the majority of our patients received adjuvant treatment and none had recurrences and/or local or distal metastasis after a median follow-up of 4.5 years.
Conclusions
Salivary gland malignancies are rare tumours of the larynx that present in mid-to late-age, and can be successfully managed with a multi-modality approach, resulting in excellent local and regional control rates.
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